Aѣіюћ љіѓђ-ѕіѠѡќџѦ ђѣќљѢѡіќћ has an eminent past (Moreau 1944; Lack 1948 Lack , 1954 Lack , 1968 Skutch 1949) , because birds played a critical role in the early development of life-history theory (Partridge and Harvey 1988) . Those early investigators focused on clutch-size variation and described not only broad paĴ erns of worldwide variation in clutch sizes, but also outlined a variety of hypotheses to explain that variation, including food limitation, nest predation, and adult mortality (Moreau 1944 , Lack 1948 , Skutch 1949 . Despite the early description of broad geographical paĴ erns and alternative hypotheses, subsequent aĴ ention focused on north-temperate systems and food limitation.
Life-history evolution continues to be an area of active investigation among ornithologists, but I believe progress has been retarded because we remain fi xed on three historical foci: (1) clutch-size evolution, (2) food limitation, and (3) north-temperate systems (and possibly an even narrower subset of northern strategies given a common focus on hole-nesting birds). Those focal points can be traced to the strong infl uence of David Lack on life-history studies in birds (i.e. Lack 1948 (i.e. Lack , 1954 (i.e. Lack , 1968 . Lack energized an important fi eld of investigation and made signifi cant historical contributions to thinking about components of those issues. Yet, we oĞ en remain transfi xed on those three foci and conduct tests at the wrong level (i.e. a proximate level) to understand evolution of life-history variation. Recognizing the pitfalls of those issues and moving beyond them is needed for a progressive future in avian life-history theory.
PџќяљђњѠ Ѥіѡѕ Fќќё-Lіњіѡюѡіќћ
CќћѐђѝѡѠ юћё TђѠѡѠ A focus on clutch size and the potential importance of food has been perpetuated in part by continually repeated brood-size manipulations in aĴ empts to examine those issues. Indeed, an enormous number (>100) of papers have been published using brood-size manipulations to examine energy and food limitations on clutch-size evolution. However, brood-size manipulations examine phenotypic plasticity and proximate responses, rather than addressing ultimate (evolutionary) causes of clutch-size variation. A focus on whether individuals modify clutch size in response to variation in food resources, or modify eff ort with manipulation of brood size, is a proximate question (i.e. it examines immediate responses). Certainly, selection can drive the evolution of phenotypic plasticity, or reaction norms. For example, food limitation clearly occurs in nature (e.g. see review in Martin 1987), and [Auk, Vol. 121 phenotypic plasticity in clutch sizes among years or territories of diff ering food availability can be adaptive, as suggested by the individual optimization hypothesis (e.g. PeĴ ifor et al. 1988 PeĴ ifor et al. , 2001 . Tests of that hypothesis can yield critical information on the adaptive basis of both variation in clutch size among individuals and plasticity of clutch size within individuals. Further, it can allow estimation of the form or slope of reaction norms in response to variation in food, and a focus on why the form or slope of the reaction norm varies among species or populations is a very interesting evolutionary question (e.g. Fig. 1 ).
On the other hand, although variation in food or physiological condition can yield adaptive shiĞ s in optima (i.e. reaction norms), such shiĞ s do not test whether food is the evolutionary cause of the central tendency of a trait; they do not address why (i.e. ultimate causes) the mean and range of clutch sizes in species A are less than in species B, or why species B expends a much greater proportion of available energy compared with species A (Fig. 1) . For example, why has a Ruby-crowned Kinglet (Regulus calendula) evolved a clutch size of 8-12 eggs, when a Yellow-rumped Warbler (Dendroica coronata) feeding in the same habitat and locations has a clutch size of 3-5 eggs? Can kinglets fi nd so much additional food in the same habitat with similar foraging methods that they can raise 2-2.5× as many young as Yellow-rumped Warblers? Moreover, if kinglets were gathering that much more food, would not selection act rapidly on Yellow-rumped Warblers to feed on those same foods and sources, if they could get such signifi cant gains in fecundity? Consider further that clutch size of Yellowrumped Warblers varies only 1-2 eggs over the extreme range of environmental conditions that they occupy across their extensive geographic range (see Martin 1988) and remains half or less of the clutch size of kinglets. Is the variation in food abundance encountered by Yellowrumped Warblers across habitats and the North American continent really less than the difference between kinglets and Yellow-rumped Warblers feeding in the same habitat? I would say the answer to these questions is "no," and the importance of food as the primary driver of evolutionary diff erences in clutch size must be questioned. Indeed, Yellow-rumped Warblers never increase clutch size to one typical of kinglets (i.e. 8 eggs) regardless of how much food is available, which suggests that food is not the primary cause for the diff erence. Of course, kinglets and Yellow-rumped Warblers are in diff erent avian families; but those kinds of diff erences occur across many phylogenetic groups and even closely related species, Fіє. 1. Relationship of food limitation and reproductive effort to clutch size as a function of varying food availability. Food limitation can be defined on the basis of food need (energy expenditure) relative to food availability, which also defines reproductive effort. Food limitation and reproductive effort increase with clutch size for a given food availability (single curve). Increased food availability (three solid curves) decreases food limitation for a given clutch size (dotted line). Reaction norms (dashed lines) reflect phenotypic adjustments in clutch size to variation in food availability for a given genotype. Clutch size can be increased with food availability without increasing reproductive effort (dashed and dotted line). Clutch size can also increase with food availability while simultaneously decreasing reproductive effort (dashed lines). The slope of these reaction norms may differ among species. Some species (e.g. species A) may save more of the extra energy from additional food for self-maintenance (i.e. increased residual reproductive value) by increasing clutch size a small amount to obtain a greater reduction in reproductive effort, whereas other species may put relatively more of the greater energy available into current reproductive effort and save less (i.e. species B) or none (dotted and dashed line) for future reproduction. Critical questions that need to be answered include: (1) How do slopes and forms of reaction norms vary among species? (2) Why do the slopes of reaction norms differ among species? (3) Why does one species (e.g. species B) invest more available energy in current reproduction compared with another species (e.g. species A)? These same questions could be asked within species if we knew genotypes.
emphasizing that evolution of clutch-size differences among phylogenetic lineages can not be easily explained by food (Martin 1988 (Martin , 1995 .
The inability of food availability to explain many inter-specifi c clutch-size diff erences is further supported by reproductive eff ort theory and the commonly observed inverse relationship between clutch size and adult survival across species (Saether 1988; Martin 1995 Martin , 2002 Ghalambor and Martin 2001) . Adult survival is thought to decrease with increasing reproductive eff ort, as refl ected by increased clutch size (Williams 1966a, b; Hirshfi eld and Tinkle 1975; Reznick 1985; Roff 1992) . Reproductive eff ort is defi ned as the proportion of available energy expended on reproduction. Available energy for small passerines with limited storage capacity is largely determined by food availability in the environment. Energy expenditure (as refl ected by clutch size) can then increase with food (energy) availability without increasing reproductive eff ort (Fig. 1) . Thus, fecundity can increase with food availability without decreasing adult survival (Hirshfi eld and Tinkle 1975 , Rose and Charlesworth 1981 , Lande 1982 , Tuomi et al. 1983 , Reznick 1985 , or even yielding a positive relationship between clutch size and adult survival (e.g. Högstedt 1981 , Smith 1981 , PeĴ ifor et al. 1988 . Such results confl ict with the observed inverse relationship between clutch size and survival (i.e. Saether 1988 , Martin 1995 , Ghalambor and Martin 2001 .
Those results make perfect sense in the context of selection for iteroparity from early mortality. Early mortality, as commonly faced by birds from nest predation (Ricklefs 1969; Martin 1992 Martin , 1993 , favors strategies that increase chances of iteroparity (Murphy 1968 , Hirshfi eld and Tinkle 1975 , Law 1979 , Michod 1979 . Selection for increased iteroparity should favor increases in clutch size with food availability to levels that do not compromise survival and iteroparity opportunities (i.e. reaction norm slopes ≤0 in Fig. 1 ; see Hirshfi eld and Tinkle 1975, Michod 1979) , yielding the common observations that fecundity increases with food availability without decreasing adult survival (see above). Yet, we are still leĞ with the critical questions of why reaction norm slopes diff er among species, and why species diff er in the relative amount of available energy invested in fecundity for a given level of food availability (e.g. species B vs. species A along a single curve in Fig. 1 ).
Tџюёіѡіќћюљ Lіѓђ-ѕіѠѡќџѦ TѕђќџѦ
An alternative perspective that may beĴ er explain observed paĴ erns comes from traditional life-history theory (e.g. Murphy 1968 , Hirshfi eld and Tinkle 1975 , Law 1979 , Michod 1979 , Charlesworth 1980 , Lande 1982 . Assume that passerine species (I will restrict comments to passerines because additional complexities come into play when considering a broader range of taxa) have access to relatively similar amounts of food (i.e. a single curve in Fig. 1 ). Selection from other environmental factors can favor diff erential allocation of energy to reproductive eff ort (current reproductive value) versus maintenance (residual reproductive value) for similar energy availability (Williams 1966a , Murphy 1968 , Hirshfi eld and Tinkle 1975 , Law 1979 , Michod 1979 . For example, consider the very likely possibility that two species like kinglets and Yellowrumped Warblers that feed on similar food sources in the same habitat have access to similar levels of food. Some other source of environmental selection has potentially acted on kinglets to allocate relatively more energy to current reproduction (i.e. higher reproductive eff ort) and less to future reproduction. In contrast, selection has favored relatively greater allocation of resources to future reproduction and less to current reproduction in Yellow-rumped Warblers. Consequently, a future focus on alternative selection pressures that drive variation in allocation to current (i.e. reproductive eff ort) versus future reproduction might yield greater gains in understanding the evolution of life-history variation among species.
The idea that selection has favored the evolution of specifi c levels of reproductive eff ort can potentially explain the results of brood manipulation studies. Eff ort, as measured by doubly-labeled water, oĞ en is not strongly infl uenced by brood size or other manipulations (e.g. Bryant and Westerterp 1983; Moreno 1989; Moreno et al. 1995 Moreno et al. , 1999 Verhulst and Tinbergen 1997; but see Deerenberg et al. 1995) . If selection favors evolution of a particular balance of current (e.g. parental eff ort) versus residual (survival) reproductive value (Williams 1966b), then adults should not exhibit a proximate response to manipulations and modify current eff ort to compromise residual reproductive value. Instead, parents should pass more of the costs on to their young. The more commonly [Auk, Vol. 121 observed increases in mortality or weight loss in young rather than increases in adult mortality with manipulations (e.g. Martin 1987 , Linden and Møller 1989 , Moreno et al. 1999 ) fi t such predictions. In short, brood manipulations do not diff erentiate between birds being unable to raise more young or being "unwilling" to increase eff ort and risk of mortality because of evolved strategies.
Responses should vary along a gradient, such that species with high chances of survival and future reproduction should pass more costs on to their young than species with lower adult survival and chances of breeding again (Ghalambor and Martin 2001, Martin 2002) . Thus, for example, we might expect a steeper reaction norm in species with high survival than in species with lower survival (e.g. species A vs. species B, respectively, in Fig. 1) . A comparative brood manipulation study could provide a strong test of such possibilities; the extent of costs that parents accept themselves (reduced renesting probability or future clutch size, reduced adult survival) versus the costs that they pass on to their off spring (reduced growth rates, smaller fl edging size, increased nestling mortality) could be examined with brood-size manipulations among related species with differing prospects of future reproduction (i.e. differing adult survival).
Nќџѡѕ-ѡђњѝђџюѡђ SѦѠѡђњѠ ѣђџѠѢѠ Gђќєџюѝѕіѐ
Vюџіюѡіќћ іћ Lіѓђ HіѠѡќџіђѠ
Life histories are composed of a much broader suite of traits than simply clutch size and adult survival, and those traits tend to covary along slow and fast gradients (Table 1 ; see Promislow and Harvey 1990; Martin 1995 Martin , 2002 . Lifehistory variation can refl ect allometric eff ects of mass (Saether 1987 (Saether , 1989 ) that explain some diff erences, but even closely related species of similar mass can show major diff erences along this slow and fast gradient (Table 1) . Such differences are typical of north-temperate versus tropical and southern hemisphere locations (e.g. Tables 1 and 2 ).
Many of our existing perspectives and tests of life-history evolution are based on northtemperate systems (i.e. Lack 1948 Lack , 1954 Lack , 1968 Stearns 1976) , which include <25% of the bird species of the world. Most species on earth live in the tropics and southern hemisphere. Southern hemisphere species commonly exhibit life-history traits similar to tropical species, and both diff er from north-temperate species. Tюяљђ 1. Examples of life-history variation among a suite of traits for two species along slow and fast gradients that are representative of the extremes of the gradient and two species that are closely related and of similar body mass. (Moreau 1944 , Yom-Tov 1987 , Yom-Tov et al. 1994 , Martin 1996 , Martin et al. 2000 . Thus, life-history strategies of tropical and southern hemisphere birds diff er markedly from northtemperate birds (Tables 1 and 2) ; that is, smaller clutch size, greater egg mass, greater adult survival, slower development, lower metabolism, and later age of fi rst reproduction in southern species, even when compared with phylogenetically related northern species (Moreau 1944; Skutch 1949; Ricklefs 1976 Ricklefs , 1992 Rowley and Russell 1991; König and Gwinner 1995; Martin et al. 2000; Ghalambor and Martin 2001; Martin 2002; Wikelski et al. 2003) . Given that northtemperate species represent a minor proportion of the species of the world with life histories that deviate from the majority of species of the world, we need to ask: Are north-temperate species the appropriate models for understanding avian life-history evolution in general? Use of north-temperate areas as a model for understanding life-history evolution is appropriate only if the relative infl uence of processes are the same as in the rest of the world. If not, then an understanding of the relative importance of processes in other regions is needed to beĴ er understand avian life-history evolution and to gain further insight into why north-temperate species are diff erent. A return to the geographic focus of early investigators may advance our understanding of life-history evolution, because it removes focus from the minority group of northern species with one subset of life-history strategies and places it in a new context. For example, many coexisting species of tropical passerines have the same clutch size of two eggs. What is the likelihood that this incredible diversity of species encounter similar levels of food or nest predation to explain clutch size? The point becomes even clearer when considered in an elevational context: both food abundance and nest predation rates vary among elevations in the tropics (Janzen 1973 , Skutch 1985 , Janes 1994 ), yet clutch size remains at two for many species across elevations (Skutch 1954 (Skutch , 1981 . Neither food nor nest predation can explain clutch sizes of many tropical species (Martin 1996 , Martin et al. 2000 . These quick examples suggest that two major explanations of life-history variation in north-temperate systems (i.e. food limitation and nest predation) cannot alone explain broad geographical life-history variation and emphasize that (1) north-temperate systems may not be appropriate general models and (2) other alternatives must be explored.
CљѢѡѐѕ Sіѧђ ѣђџѠѢѠ Oѡѕђџ Lіѓђ-ѕіѠѡќџѦ TџюіѡѠ
Examination of alternative hypotheses has been complicated by the common focus on clutch size (for which I am equally guilty). Clutch size is a major component of reproductive eff ort that confuses considerations of clutch size and survival relationships: Is high adult mortality an intrinsic cost of high reproductive eff ort, or is high reproductive eff ort favored by high extrinsic adult mortality? Because clutch size represents a major component of reproductive eff ort, which can infl uence adult mortality, those two alternatives become diffi cult to untangle. Yet, understanding those opposing causal pathways has important implications for understanding and examining evolution of variation in avian life histories.
One potential solution is to shiĞ focus to other life-history traits (Martin 2002). As mentioned, many life-history traits (clutch size, egg mass, developmental rate, parental care behavior, age of fi rst reproduction, adult survival) diff er between southern and northern species (Tables 1 and 2 ). By focusing on traits that are infl uenced by, but represent a smaller proportion of, reproductive eff ort, we can reduce the extreme confounding between reproductive eff ort and survival seen with clutch size. In addition, we can remove some of our biases and focus on new questions and hypotheses. For example, why are developmental rates slower in the south? Why does incubation behavior and the role of males vary among species and geographic locations? Why is egg mass greater in the south? Why are numbers of feeding visits by parents so high in some southern species and so low in others? Feeding visits can be negatively related to nest-predation risk (Martin et al. 2000) , whereas nestling growth rates can be positively related to it (Bosque and Bosque 1995, Remeš and Martin 2002) . How can growth rates increase when parents feed less oĞ en? [Auk, Vol. 121 Most traits interact to infl uence each other through trade-off s. Taking a broad life-history approach to understanding trait variation may provide important insights into understanding trait evolution in diff erent fi elds of investigation (Figs. 2 and 3 ). For example, evolutionary developmental biology is a major fi eld of investigation (Hall 1992 , Gilbert 2001 , and causes of the evolution of diff ering development rates and strategies remains an open question. Studies of developmental rates have demonstrated important physiological constraints and trade-off s (Ricklefs 1968 , Starck and Ricklefs 1998 , West et al. 2001 see Gilbert 2001) . Slower development during incubation (Fig. 2) may allow enhanced development of the immune system (Ricklefs 1992 (Ricklefs , 1993 Brommer 2004) or morphological components that infl uence locomotor performance and predation vulnerability (Billerbeck et al. 2001 , Lankford et al. 2001 , Shine and Olsson 2003 . As a result, selection from parasites may infl uence development of the immune system (e.g. Ricklefs 1992), whereas variation from predation risk may infl uence diff erential development of locomotor modules that aff ect escape prospects (Dial 2003a, b) . Resulting trade-off s then infl uence development rates and strategies (Figs. 2 and 3) .
Trade-off s among internal components are not the only infl uence on developmental rates. Parental care behavior, such as incubation behavior, may also play a major role in creating variation in developmental rates and periods (Martin 2002) . Incubation behavior may shiĞ proximately with variation in food and ambient temperature (White and Kinney 1974 , HaĞ orn 1983 , Weathers and Sullivan 1989 , Sanz 1996 . Yet species may evolve diff erent levels of incubation eff ort independent of food and temperature (Martin 2002) , and variation in incubation eff ort has important implications for development. If slower development results from cooler embryo temperatures because of lower parental eff ort (Martin 2002), then locomotor performance or immune function may not be enhanced by the slower development. In other words, slow development in tropical regions may be an unavoidable consequence of selection favoring reduced parental eff ort, rather than an adaptive off spring trait. By considering the complex Fіє. 2. Hypothesized relationships among selected life-history traits related to incubation, environmental selection pressures, and proximate mechanisms of variation in trait expression. Environmental sources of selection are in italic. Hypothesized direction of relationships are reflected by "+" and "-", where "+" reflects positive covariation and "-" reflects an inverse relationship.
linkages that may occur among diverse traits of broad life-history strategies (Figs. 2 and 3) , we can bring new perspectives to understanding their variation.
Flight is another example of the kinds of complex linkages that may occur. Flight is thought to reduce risk of predation mortality, which may explain why fl ying organisms have delayed onset of senescence, even though they have increased metabolic rate (Williams 1957 , Partridge and Barton 1993 , Holmes and Austad 1995 . Genome size also is argued to decrease in Social behavior is another major fi eld of investigation (Rubenstein and Wrangham 1986, Ligon 1999 ) that could be an integrated component of life-history strategies. For example, low adult mortality may favor cooperative breeding (Fig. 3) in combination with other ecological constraints and perhaps by also infl uencing age of fi rst reproduction (Arnold and Owens 1999, Hatchwell and Komdeur 2000; but see Cockburn 2003) . Variation in adult mortality could also infl uence duration of pair bonds, because increased adult mortality increases the probability of needing to fi nd a new mate (see Saether 1986 , Choudhury 1995 . Strength and duration of pair bonds may also infl uence the extent that males share incubation, which varies extensively among species and remains poorly understood (Skutch 1957 , Lack 1968 , Bart and Tornes 1989 , Kleindorfer et al. 1995 , Kleindorfer and Hoi 1997 . Diff erences in pair bond duration and parental care contributions of males might be associated with sperm competition or extrapair paternity (e.g. see Møller and Cuervo 2000) . Extrapair paternity, in turn, might Fіє. 3. Hypothesized relationships among selected life-history traits related to the nestling period, environmental selection pressures, and proximate mechanisms of variation in trait expression. Environmental sources of selection are in italic. Hypothesized direction of relationships are reflected by "+" and "-", where "+" reflects positive covariation and "-" reflects an inverse relationship.
[Auk, Vol. 121 infl uence sibling competition and development rates (Ricklefs 1993 , Royle et al. 1999 , Lloyd and Martin 2003 . In short, integration of a broad suite of phenotypic traits into a life-history framework (Figs. 2 and 3 ) may yield important new insights into individual traits and highlight alternative hypotheses for investigation.
Aєђ-Ѡѝђѐіѓіѐ MќџѡюљіѡѦ
Ornithologists have focused on the idea that food drives reproductive eff ort, which drives adult mortality. However, many lifehistory models and theory (Murphy 1968 , Schaff er 1974 , Hirshfi eld and Tinkle 1975 , Law 1979 , Michod 1979 argue that selection from age-specifi c mortality can drive evolution of reproductive eff ort, rather than the converse. Furthermore, a number of empirical studies in taxa other than birds have verifi ed this theory that age-specifi c mortality can drive life-history evolution (e.g. Reznick and Bryga 1987; Reznick et al. 1990 Reznick et al. , 1996 Crowl and Covich 1990; Roff 1992) . Do we really believe that birds are diff erent from other taxa? I do not, and many of the relationships discussed above could potentially be explained by age-specifi c mortality. I believe that a focus on age-specifi c mortality as drivers of avian life-history evolution (e.g. Figs. 2 and 3 ) could move the fi eld forward.
Nearly a decade ago, I found that one component of age-specifi c mortality (i.e. nest predation) explained signifi cant amounts of north-temperate life histories (Martin 1995) . However, the value of conducting broad examinations of geographic variation in life histories was later emphasized to me: I realized that nest predation could not explain broad latitudinal variation in lifehistory traits (Martin 1996 (Martin , 2002 Martin et al. 2000) . Application of standardized fi eld protocols to test ideas across broad geographic areas provides rigorous examination of their generality. I believe that life-history theory focused on age-specifi c mortality, together with broad studies of geographic variation in avian life histories, holds great promise for improving our understanding of avian life-history variation.
Variation in extrinsic adult mortality can drive variation in reproductive eff ort (Murphy 1968; Hirshfi eld and Tinkle 1975; Law 1979; Michod 1979; Reznick and Bryga 1987; Crowl and Covich 1990; Reznick et al. 1990 Reznick et al. , 1996 . In particular, high adult mortality can favor increased reproductive eff ort, even with costs of reproduction on survival, to increase chances of producing more off spring before mortality occurs. Note that reproductive eff ort can cause intrinsic mortality through the cost of reproduction (e.g. Williams 1966a, b; Roff 1992) , although extrinsic mortality may also infl uence intrinsic mortality (see Fig. 2 ) through eff ects on senescence (Medawar 1952; Williams 1957 Williams , 1966a Rose 1991; Holmes and Austad 1995) . The extent to which intrinsic mortality approaches or exceeds extrinsic mortality may be infl uenced by the extent and variability of juvenile (nest) mortality (Fig. 2) . High and variable nest mortality will increase the benefi ts of iteroparity, because increased number of reproductive aĴ empts can increase chances of reproducing during a more favorable period (Murphy 1968 , Hirshfi eld and Tinkle 1975 , Law 1979 , Michod 1979 . Consequently, high and variable nest mortality can favor a level of reproductive eff ort where intrinsic adult mortality does not exceed extrinsic adult mortality to thereby enhance residual reproductive value. In contrast, either low or constant juvenile mortality or both can favor increased reproductive eff ort, where intrinsic adult mortality exceeds extrinsic adult mortality such that residual reproductive value is sacrifi ced for current reproduction. Both responses, however, are also infl uenced by the relative levels and variability of extrinsic adult mortality. The interplay between adult and juvenile mortality on iteroparity was emphasized in Charnov and Schaff er's (1973) resolution to Cole's (1954) paradox and was developed further in later life-history models (e.g. Schaff er 1974 , Law 1979 , Michod 1979 .
Those ideas and models are relevant to birds, because extrinsic sources of both adult and juvenile mortality can be expected to vary among species and geographic regions. For example, birds that breed in north-temperate zones have two options for winter: to overwinter in the north where cold temperatures increase energy demands when food abundance is quite low or to migrate to the south and face the high mortality risks of moving long distances through unknown and sometimes inhospitable habitats. The potential mortality consequences of migration were emphasized by the long-term studies of SilleĴ and Holmes (2002) , who found that most adult mortality occurred during migration. In contrast, tropical and southern-hemisphere species have suffi cient food and suffi ciently moderate temperatures to allow permanent residency and familiarity with food sources and refuges so as to minimize mortality risks (see Rowley and Russell 1991) . These points are highlighted in comparisons of nonbreeding birds in northern systems with breeding birds in southern systems; adult survival probability for nonbreeding (recently widowed) males of two tit species (Parus spp.) are slightly increased over breeding individuals, which suggests a cost of reproduction (see Ekman and Askenmo 1986), but the survival rate of those nonbreeding individuals is still less than typical territorial, breeding birds in the south (e.g. see Sandercock et al. 2000 , Martin 2002 . The lower survival of nonbreeding northern birds compared with breeding southern birds clearly indicates that breeding costs are not the major cause of latitudinal diff erences in adult survival and that extrinsic costs are more important. Those latitudinal diff erences in extrinsic adult mortality could then serve as major drivers of latitudinal variation in life histories, although again tempered by variation in nest mortality (Martin 2002; see Figs. 2 and 3) .
For example, clutch size varied with nest predation within regions, but not between northern and southern latitudes (Martin et al. 2000) . That could refl ect the interplay of adult and nest mortality: lower extrinsic adult mortality in southern locations could favor lower reproductive eff ort in general (smaller clutch sizes, reduced incubation aĴ entiveness) compared with northern locations, but variation in nest predation among species within each latitude can yield adjustments to those broader diff erences (Fig. 4) . At the same time, recall the earlier discussion that nest predation does not explain clutch size variation among elevations within the tropics. The result may refl ect tradeoff s and interaction of additional traits. In particular, low adult mortality may favor reduced eff ort to enhance between-season iteroparity, whereas nest predation may favor increased within-season iteroparity (numbers of broods and nesting aĴ empts; see Martin 1995), which may be particularly important in tropical locations. The laĴ er point serves to emphasize the potential interplay of a broad suite of interactive phenotypic traits that may respond to variation in age-specifi c mortality and trade-off s with each other (Figs. 2 and 3 ).
We have a broad array of ultimate and proximate mechanistic hypotheses (e.g. Figs. 2 and 3) available for testing to identify new linkages and insights into avian life-history variation in the future. Moreover, life-history traits are critical components of fi tness. Thus, study of lifehistory evolution is arguably essential to understanding evolution of phenotypic expression in general. Avian life-history theory has had an eminent past. A future that moves to examining alternative hypotheses, suites of traits and their inter-linkages, and geographic locations beyond north-temperate systems holds the bright potential of a leading role for birds in further advancing life-history theory and understanding. Fіє. 4. A hypothesis of the major environmental influences on latitudinal variation in life histories. A decrease in adult mortality in southern latitudes compared with the north favors generally reduced reproductive effort. Variation in nest predation among species and nest sites favors variation within latitudes; lower nest mortality favors increased reproductive effort for a given level of adult mortality. Variation in food allows adjustments (i.e. reaction norms; see Fig.  1 ), particularly within species. All three factors can work at all levels (e.g. nest predation can contribute to differences among latitudes), but the primary effects are indicated by arrowed bars.
